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Abstract 
The present paper aimed to review the consequences for the improper discharge of greywater on the environment 
and human health. The global perspective greywater decentralized system was discussed. It appears that the 
direct disposal of the greywater into the environment is associated with several adverse effects on the soil, plant, 
human and the biodiversity in the natural water system. The high content of the nutrients in the greywater is the 
main reason for occurrence of eutrophication phenomenon and distribution of pathogens into the natural water 
system. More strength regulations is required for the safe disposal of the greywater. 
Keywords—greywater; discharge; decentralized system 
 
1. Greywater Definitions and Its Sources 
Greywater is defined as wastewater generated from household activities excluding the black waters. The source 
of greywater including sink, hand basin, showers/baths, clothes washer and dish washer. The main difference 
between greywater and blackwater lies in the concentrations of organic carbon and nutrients, which are low due 
to the absence faeces, urine and toilet paper [1]. In some definition the kitchen wastewater are included within the 
terms of greywater based on the absence of faeces in these wastes, while others considered these wastes as 
blackwater due to the high organic contents. The previous studies indicated the greywater can be divided into two 
class called dark greywater which included the greywater from kitchen and light greywater which represent the 
greywater from bathing and showers [2]. Indeed the classification of wastewater from the household activities 
might be depended on the presence of detergent compounds which are the main characteristics among these 
wastes in comparison to the backwater. Therefore, the kitchen wastewater is more close the greywater rather 
than to the blackwater [3]. 
2. Characteristics of Greywater  
The physical and chemical characteristics of greywater differ seasonally and geographically based on Ages, 
health status and lifestyle of the household as well as based on the quality of tap water and the sources, 
frequency of household activities and household products source. Table 1, illustrated the quantity and quality of 
the greywater from different countries and their sources within the house. It can be noted that the quantities of 
greywater different from one country to other based on the economic level and life style. Al-Mughalles et al. [4] 
claimed that the major greywater sources in Yemen are kitchen sink which contribute by 87% of the total 
greywater followed by hand wash basin and bathroom.  
 
Similar findings can also be observed for the chemical and physical characteristics. Moreover, the quality of 
greywater depend mainly on the source, the greywater generated from kitchen has high BOD than those 
generated from the bathing. In contrast, the COD and pH of the greywater from laundry are more than that from 
kitchen, due to the high concentrations of detergents and surfactants. (Friedler 2004) mentioned that the laundry 
greywater is considered as the major pollutant due to the presence surfactants, sand, clay from clothes and 
zeolites.  Mohamed et al. [5] indicated that the kitchen greywater has acidic pH due to high contents of organic 
compound in the food residues such as citrus fruits, pickles and sauces.  
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The main characteristics which represent the challenges for the discharge of greywater is the presence of 
nutrients in terms of total nitrogen (TN) and total phosphorus (TP). TN and TP concentrations in the kitchen 
greywater is more than that in the shower and laundry greywater, due to absence organic matter. However, some 
of references have indicated that the TN and TP contents in the shower and laundry greywater was more than 
that in the kitchen greywater [6]. The explanation for this case might be related to presence urine from the 
children, but the cationic surfactants of fabric softeners and laundry disinfectant agents might also contribute in 
the increasing of nutrients in the shower greywater. 
 
Table 1: Quantity and quality of greywater 
Location Greywater Sources 
Average 
Greywater 
Generated 
Characteristics References 
Sana’a, 
Yemen 
Kitchen, 
Hand wash basin 
Shower, Laundry 
32-97 L/d 
 
pH 6.0; BOD, 518 mg/l; 
COD, 2000 mg/l; 
Turbidity: 618.60 NTU 
[4] 
Mytilene, 
Greek 
Kitchen sink, Hand wash 
basin, Bathroom Laundry 
8.6-33.9 L/c/d 
 
pH: 8-10 
TSS: 542 mg/l 
COD: 725 – 1815 mg/l 
[1] 
Parit 
Bengkok 
Kitchen Sink 268 L/d 
pH: 5.9-7.40 
BOD: 127.82 mg/l 
COD: 87.14 mg/l 
[5] 
Oman 
Kitchen sink, Hand wash 
basin, Bathroom Laundry 
18-64 L/c/d 
pH: 7.6 
BOD: 408 mg/l 
COD: 426 mg/l 
Turbidity: 279 NTU 
[7] 
 
3. Discharge of Untreated Greywater  
The discharge of untreated greywater into the environment are the most common practice in many of the 
developing countries, especially in the rural area due to absence a central treatment plant. The main purpose for 
the disposal into the environment is to reduce the overloading the septic tanks which are used for discharge of 
sewage. In the countries located in arid and semi-arid area the greywater is used for irrigation. However, the 
discharged greywater into the river lead to increase level of the pollution in these river which are used for the 
irrigation, which does mean that the final fate of the disposed greywater is to reuse in for agriculture purpose.   
In many of the rural areas of Malaysia, the main irrigations system is performed by using ditches which are 
connected to a stream or river. During the few last years the rainfall was below the normal levels due to the 
changes in the climate weather and increasing the temperature. It has been demonstrated that the weather 
temperature in Malaysia has increased by at least 1ºC during the last two decade. These changes play an 
important role in increasing the percentage of greywater contents in the river. The high flow rate of greywater into 
the natural waters lead to raise the Total suspension solid and sediments which contribute in the increasing health 
risk level and provided a suitable media for the distribution of dengue infection. Despite, there are no reports 
indicted to the role of disposed greywater into the environment in the causing the human infections, but this is not 
evidence that the are no risk associated with these wastes, since it more than difficult to trace illness back to a 
source. Moreover, understand the pathogenicity of the infectious agents and their life cycle outside the human 
body revealed the most of the pathogens and their vectors which might be living in the contaminated water 
resources [8].  
The contamination of natural water system with the greywater might happen even the disposal point is far away 
from the river. This case might take place with the adequate rainfall, where the greywater is successfully flowed 
into the river with the help of rain water. According to Castro et al. [9], the presence of breeding ground in ditches 
such as state of stagnant water, inadequate flow of water, waste blockage and flooding contribute in the 
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distribution of Anopheles and Culex larvae. The water flow and vegetation are the most factors which effect on the 
presence of Anopheles larvae in drains. Anopheles larvae is more frequencies in the stagnant water and with low 
water flow.  An integrated approach is needed in order to reduce and manage the causes of damage to 
ecosystems. The approach of management of water resources must be initiated from each river basin as an 
opening to a pollution control and promotion of water recycling concept [10]. 
 
4. Effects of Greywater On Soil  
 
Boron (B) element is the major components in the cleaning product such as detergents and soaps. The 
surfactants are presented with high concentration in greywater. Surfactants are a natural or synthetic substances 
which are known as surface active agent and characterized as dispersants wetting agents of a soiled surface, 
emulsifiers of greasy soils or may act as detergents. Surfactants reduce the surface tension of two solvents or 
between two non-miscible liquids (water and oil). Gross et al. [11] compared between soil properties of unirrigated 
plot and three neighbourhood plots irrigated with freshwater, greywater and water polluted with fertilizers for three 
years respectively. The results revealed that B element is accumulated in the soil irrigated with greywater. B 
element is an essential micronutrient for plant but the presence high concentrations of B is toxic and exerts 
negative impact to the soil properties.  
Nitrogen (N) and Phosphorus (P) acts as essential nutrients for the plants. However, the excess amounts of these 
nutrients induce the microbial growth in the soil. Moreover, the concentration of N and P in the raw greywater is 
less than that in fertilized water [11]. 
 
5. Effects of Greywater On Plant  
 
Based on previous study made by Gross et al. [11] powder detergents are said to contain high in salt compared to 
liquid detergent. Liquid detergents tend to have low content of salt. The negative effect of salt concentration is it 
tends to the soil profile and cause the soil structure collapse. Therefore, the electrical conductivity method is used 
to measured salinity in the irrigated plot. The correlation of electrical conductivity to salinity showed it is only 
slightly higher than freshwater concludes that the greywater would salinity not exerts negative effects. For 
agricultural purposes, accumulation of salts was found high in fertilized lot than in greywater. Salinity seems does 
not affected most plant even after three years. To conclude, accumulation of salts does not counted as major 
problem to the farm. 
 
Eutrophication is frequently a result of nutrient pollution when wastewater such as greywater released into natural 
waters. In the twentieth era, human activities are likely to affect the environment by the increasing significantly the 
discharged of the N and P [12]. These nutrients of nitrates and phosphates from natural and human sources have 
switch the ecosystem function and structures after being released into the environment [13]. Baxter [13] also 
discussed in his writing that primary production of plants and phytoplankton on water surface due to increase of  
discharged of N and P. High concentrations of plankton in surface water influence the turbidity of the water by 
making the penetration of light limited. Bacteria are decomposing and consuming the plankton as they die and 
sink at deeper depth of limited oxygen water. Along with deficient supply of oxygen presence, it gives major 
impact especially to the community and species. Eutrophication experience along with extreme modification of low 
oxygen content-hypoxic and no oxygen present-anoxic condition (Boesch and Brinsfield 2000), which oxygen for 
both processes of BOD and COD are likely raise in demand.  
 
6. Effects on Health Risk 
 
The result from excessive release nutrient into water body may cause health risk such as dengue. Inadequate 
discharged of greywater may poses the trapped stagnant greywater in ditches. Stagnant water ditches may 
become breeding ground for many insects including mosquito that transmit disease. Table 2 below shows dengue 
statistic under the supervision of the Ministry of Health Malaysia that has been reported on week6/2016. Table 2 
showed comparison data of total cumulative dengue cases until week 6/2015 and week 6/2016 whereas Figure1 
showed statistic dengue cases in year 2014, 2015 and 2016. It can be noted that the dengue cases experience 
downward trend since last 3 weeks. For week 6 from 7 until 13 February 2016, Ministry of Health Malaysia (KKM) 
found dengue cases reported was only 2590 case compare in week 5 2016, 3312 cases is reported. Even though, 
there was a decrease by 722 cases (21.7%) but total cumulative dengue cases shown there was an increase in 
reported dengue cases. Up until week 6/2016, there were 19,733 cases have been reported compare to week 
6/2015 cases that been reported were 18,351. There was an increase of 1382 cases (7.5%).  
 
According to the Ministry of Health Malaysia (MOH); a total of 3,337 cases were recorded in the first week of the 
year 2016 (Refer Chart 1), an increase of 826 cases over the previous week. There were also four deaths 
recorded in the first week of January 2016. 
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Figure 1: Dengue trend in Malaysia for 2014, 2015 and 2016 (week 6 until 13 February 2016) (Sources: From the 
Desk of the Director-General of Health Malaysia) 
 
Table 2: Dengue Statistic on Week6/2016 
No State 
No. of  Cases and Death 
Reported 
Total Cumulative 
Dengue Cases Up Until 
Week 6/2016 
Total Cumulative 
Dengue Cases Up Until 
Week 6/2015 
Week 6/2016 Week 5/2016 
1 Perlis 3 6 43 72 
2 Kedah 10 22 141 155 
3 P. Pinang 107       (2) 180       (1) 1014               (9) 908               (2) 
4 Perak 95 108 728 2056             (4) 
5 Selangor 1333      (2) 1616     (1) 9705              (14) 10473          (28) 
6 Putrajaya& Kuala Lumpur 171 202 1293               (1) 945               (6) 
7 N. Sembilan 67 98 554     (5) 278               (3) 
8 Melaka 47 72 449                 (1) 349               (1) 
9 Johor 397 502 3014               (2) 1043             (2) 
10 Pahang 46 101 520                 (1) 507               (2) 
11 Terengganu 122         (2) 138       (1) 922                 (8) 265 
12 Kelantan 46 76 393 367              (1) 
13 Sarawak 50 59 284                 (1) 444              (1) 
14 Sabah 96 130 671                 (1) 488              (2) 
15 Labuan 0 2 2 1 
Total 2590  (6) 3312      (5) 19733            (43) 18351         (52) 
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7. Standard Regulations of Effluent Discharge  
Malaysia has none specific standard regulations for greywater. However, Environmental Quality Act (EQA), 
Interim National Water Quality Standards (INWQS) and the Malaysian Water Association’s (MWA) raw water 
quality criteria is referred often as locals code for water quality (Table 3). Therefore, for greywater discharged 
must meet Standard A and B. Standard A referred to the discharged water supply upstream meanwhile 
Standard B referred to the discharged of effluent downstream (Table 4).  
 
Table 3: Tabulated standard index of water quality of Interim National Water Quality Standards (INWQS). This guideline 
used as benchmark in classifying the river quality and usage 
 
Note: N: No visible floatable materials or debris; No objectionable odor; No objectionable taste 
Parameters Units 
Class 
I IIA IIB III IV V 
NH4-N mg/l 0.1 0.3 0.3 0.9 2.7 >2.7 
BOD mg/l 1 3 3 6 12 >12 
COD mg/l 10 25 25 50 100 >100 
DO mg/l 7 5-7 5-7 3-5 <3 <1 
pH  6.5-8.5 6-9 6-9 5-9 5-9 - 
Colour TCU 15 150 150 - - - 
EC* µs/cm 1000 1000 - - 6000 - 
Floatables  N N N - - - 
Odour  N N N - - - 
Salinity % 0.5 1 - - 2 - 
Taste  N N N - - - 
TDS mg/l 500 1000  - 4000 - 
TSS mg/l 25 50 50 150 300 300 
Temperature 
o
C - Normal ±2⁰C - Normal ±2⁰C - - 
Turbidity NTU 5 50 50   - 
Faecal 
Coliform 
counts/100ml 10 100 400 5000-20000 5000-20000 
 
Total Coliform counts/100ml 100 5000 5000 50000 50000 >5000 
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Table 4: Effluent Standards from EQA (1974) 
 
8. Standard on Greywater Disposal on Foreign Country 
 
Table 5 below illustrated the standards of greywater disposal adopted by different countries. It can be noted 
that most of countries have adopted the WHO and APHA regulations.  
 
Table 5: Standard Greywater Disposal on Foreign Country 
 
9. Decentralized Systems of The Greywater Treatment  
Decentralized greywater system play an important role in storing, collecting, treating and disposing small 
volumes of wastewater relatively at or near the source where generated, could offer a sustainable alternative 
result in greywater reuse [15] . However, planning for its utilization should be taken into overall consideration 
as it is contains lower levels of organic matter and nutrients. Zhong [16] stated that the decentralized 
greywater treatment included the collection of greywater separately and does not go through the central 
Parameter Unit 
Standards 
A B 
Temperature °C 40 40 
pH  6.0 - 9.0 5.5 - 9.0 
BOD5 at 20°C mg/l 20 50 
COD mg/l 120 200 
Suspended Solid mg/l 50 100 
Mercury mg/l 0.005 0.05 
Cadmium mg/l 0.01 0.02 
Chromium mg/l 0.05 0.05 
Arsenic mg/l 0.05 0.10 
Cyanide mg/l 0.05 0.10 
Lead mg/l 0.10 0.5 
Chromium, mg/l 0.20 1.0 
Copper mg/l 0.20 1.0 
Manganese mg/l 0.20 1.0 
Nickel mg/l 0.20 1.0 
Tin mg/l 0.20 1.0 
Zinc mg/l 1.0 1.0 
Boron mg/l 1.0 4.0 
Iron mg/l 1.0 5.0 
Phenol mg/l 0.001 1.0 
Free Chlorine mg/l 1.0 2.0 
Sulphide mg/l 0.50 0.50 
Location Greywater Standard References 
Sana’a, 
Yemen 
WHO / FAO Guidelines [4] 
Mytilene, 
Greek 
Examination of Water and Wastewater Standard Method (APHA, 1998) [1] 
Porto, 
Portugal 
Portuguese Technical Specification [14] 
Campus, 
Oman 
Examination of Water and Wastewater Standard Method (APHA, 1998) [7] 
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public WWTP whereas, municipal water supply systems of conventional are define by the obtainment of fresh 
water from protected catchments, purification of raw water and safe distribution in plentiful amount. Then as 
well conventional wastewater systems can be custom by the following criteria; i) collection of greywater via 
piped flow passage; ii) moving out the sewage from the urban area; and iii) treated wastewater discharge into 
water bodies is under controlled, including management of waste sludge [17] such approach can be describe 
as well as centralized system.  
Historically, in semi-urban and rural areas, decentralized wastewater system has complied as common 
practice. Conventionally, greywater and blackwater from villages discharged into sub-surface drainage 
system without improper treatment have cause severe problem to the surrounding including human. Though 
presence of pathogenic microbes in greywater is at minimum line [18], enhancement of the growth of 
microbes and the condition can turn to anoxic, if it is left without treatment for more hours resulting in foul 
odour [19]. The fact that decentralized system complies due to the implementation of centralized systems that 
is not practicable in terms of technically, economically or environmentally. In addition, centralized waste water 
management system is inconvenient and uneconomic to operate because of the maintenance of the long 
sewer network and treatment plants which are extremely complicated [20].  
 
10. Global Perspective Greywater Decentralized System 
 
Global perspectives are illustrated in Table 6. Decentralized wastewater system is selected to be use as 
major practice even in the richest country due to a few factor such as distance of their house and central 
WWTP is far away, a large number of household does not connected to the sewer and installation of 
connection to the neighbourhood existing system extremely costly [21]. In addition, the decentralized system 
contributes in the environmental pollution such as extreme eutrophication if it used in a large scale area.  
 
Kondo et al. [22] indicated that the limitation of centralized system is the cost itself. The decentralized 
treatment system is low cost and required to achieve wastewater treatment. At this point of view, affordable 
technology for decentralized greywater treatment is an important part of a new sustainable sanitation system 
which treated effectively greywater derived from kitchen, bath and laundry water. The result achieved by the 
study showed value of BOD, Total Nitrogen (TN) and Total Phosphorus (TP) removal efficiencies were 
affected not only by water volume but also by ambient temperature. Bourgeois & Guilleminot [21] in Sweden 
shows 850,000 households in Sweden without sewer are responsible for about 20% of TP and 4% of TN 
emissions into Swedish surface waters. With installation of Membrane Bio-Reactor (MBR), the effluent from 
the Membrane Clear Box (MCB) meets the requirements of the European directive for bathing water quality. 
Meanwhile, in Wackerh of Camp Site, polluted greywater from wash basins and showers and the high loaded 
greywater from the residential house (wash basins, shower, bath tub, dish washer, kitchen sink, and washing 
machine) are collected separately and treated to obtain high quality service water. The treated wastewater is 
available to be reused as service water for toilet flushing. Major factor why the decentralized greywater 
system is still become a practice of an area due to low installation cost [22], even though it certainly give out 
negative impacts to the environment.  
 
Table 6 Decentralized Greywater System 
 
Location Pollution Solution Approach References 
Sweden 
 850,000 
households in Sweden 
without sewer 
 Emanating P; 20% 
and N; 4% into 
Swedish drainage 
system 
 Transformed septic tank as a 
membrane bio-reactor (MBR). 
 These two pilot systems 
providing sewer connection 
house that have no sewer 
connection. 
Decentralized 
treatment system 
[21] 
Germany 
 Greywater sources 
from wash basins 
and showers 
 High greywater 
discharged sources; 
bathroom, dish 
washer, kitchen and 
washing machine 
Greywater recycling system that 
reuse treated wastewater as water 
in flushing toilet. 
Decentralized 
treatment system 
Japan 
Greywater discharged 
with sources of kitchen, 
bath, laundry and hand 
wash 
Slanted Soil Chamber System 
(SSCS) installation. Purposes 
development of SSCS is to achieve 
low initial and maintenance cost of 
efficient removal of nutrient 
Decentralized 
treatment system 
combines a bio-
toilet system with 
a domestic grey 
water treatment 
system. 
[22] 
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11. Reviews on Quantification on Sub Urban Water Quantity Modelling To Measure the Flow Transport To 
Drainage System  
A review is being made on sub-urban water quantity modelling to measure flow transport to drainage system. 
Table 7 has tabulated summary from a few researcher. As conclusion to the finding in the table, production of 
wastewater depends on types of activity and concentration of pollutant. To enhance flow transport of pollutant to 
drainage system with contamination of it, a few influence factors is identified; volume of transport medium, flow 
rate of transport medium, later water flow (gradient of an area), climate conditions and management practice. 
Table 7: Water Quantity Modelling to Measure the Flow Transport to Water Bodies 
Model Scenario 
Analysis 
Input Data Output Data 
 
References 
Lake 
Quality 
Models 
Pollutant 
loading 
subjected on 
volume of 
lakes 
 Time 
 Lake Volume 
 Inflow & Outflow Rate 
 Concentration of Pollutant 
 Pollutant Mass discharge  
Decrease in concentration of 
pollutant 
 
[23] 
Two-
dimensio
nal 
Modelling 
To simulate the 
measured of 
water drainage 
loading and 
leaching of 
pesticide 
agricultural 
field 
 Lateral Water Flow 
 Soil Sampling MCPA 
Concentration 
 Drainage Rates 
 Pesticide Concentrations 
 Adsorption in Soil 
[24] 
Soil Plant 
Atmosph
ere 
System 
Model 
(SPASM
O) 
To determine 
the effect of 
apple 
production on 
quality and 
quantity of 
water in the 
’fruit basket’ of 
Hawke’s Bay, 
New Zealand, 
through a 
combined 
measurement 
and modelling 
approach 
 Amounts of Water Used by 
Growers for Irrigation 
 Local Pattern of Daily 
Weather 
 Soil properties 
 Management practices. 
 Physical and Hydraulic 
Properties Will be Determined 
for Each Soil Series 
 Reduction of green water charge 
can be achieved by using 
mulching and by limiting 
vegetative vigor through pruning, 
fruit thinning and deficit irrigation 
 Impact on water quantity will be 
calculated through the green 
and blue water footprint 
components, since they 
represent the net water usage 
from the two water resources of 
soil water storage and 
groundwater 
[25] 
 
12. Conclusions  
1. Greywater discharged are affected by relation of two factors; in-house and ex-house. 
2. In-house factor are based on demographic profile and household practice-activities. 
3. Ex-house factor is based on drainage distance from discharge point to the ditches. 
4. Concentration untreated greywater affected the ditches proved through analysis between two variables; 
household practice and laboratory testing.   
5. Greywater manifestly encourages broader water conservation behaviour and responsible chemical product 
selection; in turn improving effluent discharged of the untreated greywater by treating or alter the 
decentralized the system itself.  
 
Acknowledgement 
The authors gratefully acknowledge Ministry of Higher Education of Malaysia for the research project financial 
support under fundamental research grant scheme (FRGS) vot No. 1453, UTHM Short Term Grant Vot U659 and 
IGSP ORICC Grant vot 682.  
  Integrated Water Resources Protection 
 
9 
 
 
References 
 
[1] Antonopoulou, G., Kirkou, A., & Stasinakis, A.S. 
(2013). Quantitative and qualitative greywater 
characterization in Greek households and 
investigation of their treatment using 
physicochemical methods. Science of the Total 
Environment, 454-455, 426–432. 
[2] Bodnar, I., Szabolcsik, A., Baranyai, E., Uveges, 
A., & Boros, N. (2014). Qualitative 
characterization of household greywater in the 
northern great plain region of Hungary. 
Environmental Engineering and Management 
Journal, 13(11), 2717-2724. 
[3] Al-Gheethi, AA., Mohamed, R.M., Efaq, A.N., & 
Amir HK. (2016). Reduction of microbial risk 
associated with greywater utilized for irrigation. 
Water and health Journal, 14 (3), 379-398. 
[4] Al-Mughalles, M.H., Rahman, R.A., & Mahmud, 
M.(2012). Household Greywater Quantity and 
Quality in Sana’a, Yemen. EJGE, 17, 1025–1034. 
[5] Mohamed, R. M. S., Wurochekke, A. A., Hadzri, S. 
S.M., & Kassim, A.H.M. (2015). Induction 
Performance of pn-Site Low Cost Treatment Unit 
for Treating Kitchen Greywater at Village House. 
Applied Sciences Research, 11(10), 22–28. 
[6] Vakil, K.A., Sharma, M.K., Bhatia, A., Kazmi, A.A., 
& Sarkar, S. (2014). Characterization of 
greywater in an Indian middle-class household 
and investigation of physicochemical treatment 
using electrocoagulation. Separation and 
Purification Technology, 130, 160–166.  
[7] Jamrah, A., Al-Futaisi, A., Prathapar, S., & 
Harrasi., A.A. (2008). Evaluating greywater reuse 
potential for sustainable water resources 
management in Oman. Environmental Monitoring 
and Assessment, 137(1-3), 315–327. 
[8] Allen, L., Christian-Smith, J., & Palaniappan, M. 
(2010). Overview of Greywater Reuse: The 
Potential of Greywater Systems to Aid 
Sustainable Water Management. California: 
Pacific institute. 
[9] Castro, M.C., Kanamori, S., Kannady, K., Mkude, 
S., Killeen, G.F., & Fillinger, U. (2010). The 
importance of drains for the larval development of 
lymphatic filariasis and malaria vectors in dares 
salaam, United Republic of Tanzania. PLoS 
Neglected Tropical Diseases, 4(5), 1-13. 
[10] Li, Y., & Tung, C. (2015). Application of SWMM in 
Water Resources Management : A Community 
Scale Study. Geophysical Research Abstracts, 
17, 4777. 
[11] Gross, A., Azulai, N., Oron, G., Arnold, M., 
Nejidat, A., & Ronen, Z. (2005). Environmental 
impact and health risks associated with 
greywater irrigation: A case study. Water Science 
and Technology, 52(8), 161–169. 
[12] Boesch, DF., & Brinsfield, RB. (2000). Coastal 
Eutrophication and Agriculture: Contributions and 
Solutions. Biological resource management, 1-
22. 
[13] Baxter, C.V., Bechtold, H.A., Marcarelli, A.M., & 
Inouye, R.S. (2012). Effects of N, P, and organic 
carbon on stream biofilm nutrient limitation and 
uptake in a semi-arid watershed. Limnology and 
Oceanography, 57(5), 1544–1554.  
[14] Santos, S.P., Amado, C.A.F., & Rosado, J.R. 
(2011). Formative evaluation of electricity 
distribution utilities using data envelopment 
analysis. The Journal of the Operational 
Research Society, 62(7), 1298–1319.  
[15] Zhang, D., Gersberg, R.M., Wilhelm, C., & Voigt, 
M. (2009). Decentralized water management: 
rainwater harvesting and greywater reuse in an 
urban area of Beijing, China. Urban Water 
Journal, 6(5), 375–385. 
[16] Zhong, L. (2013). Decentralized Urban 
Wastewater Reuse in China – with Focus on 
Grey Water. Decentralized Urban Wastewater 
Reuse in China – with Focus on Grey Water. 
Linkoping University: Master’s programme. 
[17] Zavala, L., & Angel, M. (2002). Onsite 
Wastewater Differentiable Treatment System ( 
OWDTS ), an Ecological Sanitation Alternative 
for Developing Countries. Water Science and 
Technology. Mexico.  XXVIII Congreso 
Interamericano de Ingenieria Sanitaria Y 
Ambiental Cancun, 1-8. 
[18] Mara, D.D., & Kramer, A. (2008). The 2006 WHO 
Guidelines for Wastewater and Greywater Use in 
Agriculture: A Practical Interpretation. White 
Rose Research Online, 1–17.  
[19] Velusami, C.C., Boddapati, S.R., Hongasandra, 
S.S,  Richard, E.J., & Joseph, J.A. (2013). Safety 
evaluation of turmeric polysaccharide extract: 
Assessment of mutagenicity and acute oral 
toxicity. BioMed Research International, 2013,  
[20] WaterAid, (2008). Decentralised wastewater 
management using constructed wetlands in 
Nepal.  Marco Betti, 1–12. 
[21] Bourgeois, C., & Guilleminot, J. (2009). 
Decentralization of wastewater systems. 
Decentralization of wastewater systems, 1–6.  
[22] Kondo, T., Ebie, Y., Kiji, M., Sugiura, N., Xu, K., & 
Inamori, Y. (2011). Decentralized Domestic Gray 
Water Treatment By Using Slanted Soil Chamber 
System. Sustain. Environ. Res, 21(2), 81–87. 
  Integrated Water Resources Protection 
 
10 
 
 
[23] Mah, D.Y.S., Bong, C.H.J., Putuhena, F.J., & 
Said, S. (2009). A conceptual modeling of 
ecological greywater recycling system in Kuching 
city, Sarawak, Malaysia. Resources, 
Conservation and Recycling, 53(3), 113–121. 
[24] Klintenberg, M., Lebegue, S., Ortiz, C., Sanyal, 
B., Fransson, J., & Eriksson, O. (2009). Evolving 
properties of two-dimensional materials: from 
graphene to graphite. Journal of Physics. 
Condensed matter : an Institute of Physics 
journal, 21(33), 335502.  
[25] O, OECD. (2011). Example of an application for 
theme 1: the natural resources challenges, 1-10. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
